Team formation is a key aspect of football, being able to bring sporting and financial results, but also susceptible to great risks. Considering that this problem involves subjective decisions, it also becomes subject to failures. The use of quantitative approach methodologies can overcome such aspects and offer better results for football clubs. In this context, a systematic review was carried out on Operations Research techniques for player selection and formation of football teams, demonstrating the main references and authors of the area. A search on the scientific bases Web of Knowledge, Scopus, and ScienceDirect was carried out during the month of January of 2018, analyzing a total of 1,637 articles. Of these, only 12 were selected for analysis. The research of Boon and Sierksma (2003) was identified as the main reference of the area, being referenced by four other authors. It is highlighted the low number of citations between the papers, as well as the lack of review articles like this one. All these aspects contribute to the relevance of this research, addressing a significant problem in one of the most popular sports in the world and unifying its main references.
The works were grouped according to their objectives, within the context of team formation. The groupings were made through the creation of graphs, using Gephi software, version 0.9.2. The first grouping identified the relation among the papers, through the citations between them; the second one illustrated the connectivity between the references of each of these researches. Finally, the articles were described, according to their objectives, and compared with technical aspects such as methods, variables used and results obtained.
RESULTS
The initial search resulted in 12,176 articles, considering the three scientific bases mentioned. Figure 1 shows the procedures performed during the analysis. As shown in Figure 1 , due to the large amount of research returned by Scopus and Web of Science, it was necessary to perform a per-area knowledge filtering, which led to the exclusion of 10,399 articles. Then, the remnants were grouped to the returns in the search done by Sci-enceDirect, which were imported to the Zotero reference management software, for verification of duplicates. There were 140 articles common to all three bases. Subsequently, the works were analyzed according to the eligibility criteria adopted, resulting in the selection of nine researches, which had their references evaluated, adding to the analysis three other articles, reaching a total of 12 papers.
Although they have in common the objective of team formation, each of the works differs in the way this is sought. Figure 2 demonstrates how papers are segmented from their primary purpose. Figure 2 shows the two initial objectives for the tactical changes proposed during a game (1), with five articles, and for the definition and setting of the squad, either for a specific game or a season (2) with seven papers. The objectives of tactical changes were divided into two other purposes, regarding the substitutions made during a game, seeking patterns, or better ways to perform them (1.1) and the tactical formation of the team, translated as the distribution of players by functions in the field (1.2). As for the squad definition there were also two divisions: the first one where three works proposed methodologies for hiring players (2.1) and the second, where techniques were proposed to optimize the team lineup (2.2). Figure 3 explains the relationships, between the 12 papers, through graphs visualization, where the edges (arrows) indicate the citations made between them and each one of the articles is represented as nodes.
Observing Figure 3 , and the citations relationship between articles, it is possible to visually identify the previously defined subgroups ("Squad Definition" and "Tactical Changes"). Except for Al-Shboul et al. (A11), all other works did or received, at least, one citation. Table 1 was elaborated to discriminate these citations among each paper. Table 1 shows Hirotsu & Wright (2002), as well as Boon & Sierksma (2003) , as the most cited works, each one being referenced four times. However, it is worth mentioning that three of the four quotations from the first work were made by other studies carried out by at least one of 
Citations
Articles A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12  Performed  -1  -2  2  -2  2  2  3  -2  Received  4  2  4  1  1  2  --1 1 --Source: The authors (2018).
its authors, while none of the four references of Boon & Sierksma (2003) were self-citations. This fact indicates the last one as a main reference in the literature for researches that deals with the formation of football teams. As for the works authors, only two appeared in more than one paper: Nobuyoshi Hirotsu and Michael Wright. The first one was the main author in four of the 12 articles (A1, A2, A4 and A5) and the second one was co-author in the first three works (A1, A2 and A4).
A posterior analysis was elaborated regarding the relations between the other references of the researches, excluding those carried out between the works, to verify the presence of common bibliographies, as illustrated Figure 4 .
Analyzing Figure 4 , the divisions between objectives are no longer visible when the relationship is established by bibliographies, where only half (six) of the articles share references (A1, A2, A3, A4, A5, and A11). To identify how many times there were shared bibliographies, Table 2 was created. This analysis was performed in two ways, one for all 12 papers and another one by the authors, grouping the references of articles A1, A2, A4, and A5, which share the same main author and tend to share references among themselves, as could be identified in Figure 4 by their node proximity. Table 2 shows that, despite the large number of references analyzed (209) only three bibliographies were shared by more than one author: Maher (1982), Dixon & Coles (1997) and Dixon & Robinson (1998) , which places them as some of the main references for this type of study.
DISCUSSION
Previously to the discussion of the returned researches it is convenient to present other articles that have made similar search in the literature, like Wright (2009) that highlighted several operational research contributions to sports in the 50 years that preceded the paper. Different topics were discussed such as strategic and tactical aspects of the teams, mentioning the works of Hirotsu & Wright (2002 and Boon & Sierksma (2003) , as did in the present research. Other topics involving sporting championship schedules and game outcome predictions are also covered in sports such as football, American football, baseball, basketball and cricket.
Gerchak (1994) also presents similar work, addressing other applications of operational research in sports. The research addresses strategic aspects such as the importance of correct player positioning to achieve a greater amount of points in American football, or when to replace the goalkeeper by a line player in hockey. Other themes are also addressed as the influence of positive sequences of pitches for basketball players (the so-called "hot hand") and a check on the validity of the National Football League (NFL) drafts system goal to make the championship more disputed by giving weaker teams the priority for selection of the best athletes coming from the university leagues.
Although they are in the same field of research and presented some research in common, none of the articles focused on the formation of football teams as much as this research, which analyzed three scientific bases and more than a thousand articles to find the 12 works in question.
Player substitution
Hirotsu & Wright (2002) contextualized their study stating that, although soccer is a continuous sport, formed by discrete events, few works assimilate it to a multi-stage Markov process. In their work, the realization of this modeling is justified by the authors as an opportunity to estimate the distribution of goals and point expectation by teams during the championships. Which is the research goal: determine the correct timing of performing players transition (substitutions) during a football match. The data used in the paper were provided by The Carling Opta Football Yearbook which contains a wealth of information regarding players participating in the English premier league in the 1998-9 season.
The calculation of transition probabilities between stages is done according to a Poisson regression model with data of games played during the season. The case study was done by simulating games between three teams, "X", "Y", and "Z", where the team "Y" had the option to choose between two players: "M" and "S". Match data were entered into a dynamic programming model to identify the optimal replacement time between players, oriented to maximize the number of points expected from the match. The results showed an increase in point expectation with the substitution of player "M" by player "S", in different situations and moments of the game.
Myers (2012) developed a replacement strategy that increases the possibilities of a club achieve better match results, using the decision tree technique for this purpose. Data on 485 substitutions were collected from the English Premier League, Bundesliga, MLS, the 2010 World Cup, Serie A, and La Liga using data provided by ESPN Soccernet. The following variables were analyzed: goal differential before and after substitution, home advantage and time (minutes) substitutions occurred.
The results showed that when a team was losing before the first substitution, it was able to improve its result in 41% of the time when the change was made before the 58th minute. As for the second substitution, the model indicated that this should be done before the minute 72, with an improvement of 30% of the cases. Finally, the last substitution was indicated to happen previously to the 78h minute of the match, which was effective in 24% of the times. Its main results, divided according to the championship analyzed, are shown by Table 3 . As shown by Table 3 , the rule was tested in different championships games, where teams that followed it had success in, at least, 32% of the cases, with no more than 25% cases of success without the created rule. It is worth mentioning that Serie A was the championship where the rule obtained a higher success rate, superior to 50% of the analyzed cases.
Although both studies have presented methodologies that improve the moment of performing a substitution, they have some distinctions. It is possible to consider that Myers (2012) presented more expressive results, since it used a quantity of data superior to that of Hirotsu & Wright (2002) and still validated the rule of substitutions created in an even greater database. However, it's necessary to consider their year's difference, which may be related to the amount of data available, as well as its ease of treatment. (2002), with the same case study (Premier League, 1998-9 Season). Different formations were shown as better, according to difference circumstances of the game. Thus, dynamic programming was used to determine strategies for tactical changes. The model was applied to game simulations between the so-called teams "X" and "Y" identifying, according to different game scores, the best formations changes to be used. Table 4 presents the results for five different starting formations, distributed according to the number of players in each analyzed position, and number of substitutions expected in a home match game. According to Table 4 , in a home match against Team "Y", Team "X" should opt for the second formation Decisions were modeled on a zero-sum game where each coach makes only the best decisions for his club, disregarding the cooperation option (draws) for the outcome of the match. The odds of victory in a match between two teams were presented, considering different scenarios and tactical formations. A formation-exchange flowchart was also presented according to the match score and the number of substitutions available for the teams, as shown by Figure 5 . Figure 5 presents the tatics decisions that should be made by each team, with block (a) referring to tactical decisions that should be made by Yokohama FM, while (b) refers to the Kashima A tactical decisions. The upper left cell of each table represents the number of substitutions available for each team, ranging from 0 to 3. Each table represents a different situation, as the situation of the teams on the scoreboard, ranging from -2 to 2, which the negative numbers representing a partial defeat of Yokohama FM, 0 representing a draw and the positive numbers representing a victory of the team. Therefore, each team is guided, according to the remaining game time, to the tactical formation they must adopt to get a better match result. The authors suggested future studies for the modeling of the problem as a non-zero-sum game, introducing the cooperation factor between teams.
Tactical formation
This proposal is the main advance of Hirotsu et al. (2009), where the same data and case study were used, but the representation of the results of the game is made according to the number of points acquired by the teams, being zero for a defeat, one point for a draw and three points for a victory. The number of points expected for each team is shown in Figure 6 .
As Figure 6 shows, both teams tend to lose expected number of points as they remain with their tactical formations unchanged and watch their opponents' make modifications during the game. It can also be seen that Kashima A is the team with the highest number of points expected and is therefore the most likely to win the game.
A comparison was also made between the tactical flowcharts and team strategy made in their previous work, according to the progress of the game. The comparison indicated that in the case of a zero-sum game teams play more offensively while, with the introduction of point systems, the game became more dynamic. 
Player hiring
Merigó & Gil-Lafuente (2011) developed new selection indices that eliminate preferences and subjectivities to the selection process assigned to a manager or decision maker. The proposed indexes consist of the combination of the Hamming distance, the adequacy coefficient and the maximum and minimum level index with the OWA (Ordered Weighted Averaging) operator.
An example is shown where a club seeks an optimal candidate for the forward position. Five criteria values were defined, and four candidates were analyzed for their respective performances, according to different distance operators. Initially, the authors stated that depending on the aggregation operator used in the model, the results may vary, which provides a complete scenario of the problem, contemplating different situations. However, in all the scenarios a single candidate was pointed out, being considered the optimal choice for the model. The data from the study were collected from the 2008/2009 to 2011/2012 seasons of the English League. Player data were used to model the performance of the destination clubs before and after their transfer and thus calculate the expected change, as shown in Figure 7 .
As sawn in Figure 7 , the paper results showed that only 39 of 69 players made any contribution to the club that hired him, with the contribution being measured by the "Goal differential" provided by each one of the transfers, with values above 0 being considered as satisfactory in relation to the contribution of the athlete to the team. This ratio (57%) was used as the success rate of the model, and it was tested with a survey applied to a group of 25 individuals, made up of football coaches, journalists, and fans, questioned about the success of transfers made by major European clubs during the 2010 and 2011 seasons. The results showed a rate of success of 63%, which is in agreement with what was shown by the elaborated simulation.
In Pantuso (2017) the author highlights the financial side involved in hiring players, which is his study goal: To improve the expected performance of teams in the assembly of their squads represented by the sum of the market value of their players. The model is tested in the English Premier League, where it is simulated during the "transfer windows" of 2014/2015 to 2016/2017 seasons. The whole scenario is adapted to a mathematical programming model with the objective of maximizing the present value of the team. Its main results, projected by the model, were compared with the team's actual result, as shown by Figure 8 .
The results shown in Figure 8 demonstrate that Pantuso's model provides team values, in most cases, higher than those presented by the clubs over the years, with the exception of three among 20 analyzed teams (Crystal Palace, Southampton FC and West Ham United) a result that is better than 85% of the analyzed clubs.
Relating the three mentioned researches, it is considered that in Jarvandi et al. 
Team lineup
In Boon & Sierksma (2003) the authors propose a system capable of assisting coaches to determine the optimum team lineup. In its first stage it is determined all qualities relevant to a team. The players considered are evaluated according to the qualities listed, for each position. The importance of their qualities is also determined, reflecting the game system and tactics that the coach prefers for his team. Through a mathematical programming model all possible choices for 11 positions and 26 individuals are calculated, seeking to acquire a team with the maximum weights per player position.
The research of Tavana et al. (2013) , explores the interaction between players. In the article it is proposed a fuzzy inference system, for team formation in soccer. The method is divided into two moments. Initially, rankings are made to choose the best team members according to their performance on criteria and their respective importance to positions. Then, in the combining phase, the fuzzy inference system is used to evaluate combinations between team members. Their variables are provided by coaches, based on combination factors such as the number of matches that athletes played together and number of passes between them. The result of the model is the combination percentage of the best sets of players in each sector of the field.
In Ozceylan (2016) a two-phase approach is applied to Fernerbahçe's S. K. lineup. The first phase of the method consists in identifying the main attributes of a position, for which the AHP (Analytic Hierarchy Process) method is used. In the second phase, the problem is modeled using the integer programming to determine the best set of players. Football Manager 2015 game data were used as criteria and performances of the evaluated players. 44 attributes were evaluated, evaluated by a group of specialists. The objective function maximizes the total talent value of the lineup and several constraints guarantee the functionality of the model. Its main results, the team's initial ranking, are presented in Figure 9 . The results shown by Figure 9 , met all the restrictions and were compared to the 11 players who had the most playing time during the last 38 club games, which showed that eight players were present in both lineups, a 72% similar result. However, it is possible to identify similarities in the formation example used in the papers, where all of them used the 4-4-2 tactical formation for building the team lineup.
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CONCLUSIONS
In football, wrong decisions about player selection can cost a championship, in addition to great losses. Therefore, it is necessary to organize the formation of a team to obtain better results. However, due to its high complexity, this process tends to be subjectively interpreted, depending on the experience of coaches and other managers (Tavana et al., 2013; Ozceylan, 2016).
The present research worked in this context, searching in the literature papers that deal with the problem of football team formation, through OR techniques. In these circumstances, only 12 references were found, which had their relationships and other bibliographies analyzed to search the area main studies. The work of Boon & Sierksma (2003) was identified as the main research, being referenced by four other authors.
It is important to note that none of the 12 works referenced more than three related researches. Also, other articles with similar objectives weren't found, given the scientific bases analyzed, involving soccer and team formation. These facts demonstrate the relevance of this research to the environment that is inserted, dealing with an admittedly significant problem with one of the most popular sports in the world and unifying its main references.
